Objective To study the effect of telomerase activity (TA) in human luteinised granulosa cells (GCs) on the outcome of in vitro fertilisation treatment. Methods Fifty-six women, aged 23 to 39 years, were enrolled and divided into four groups according to their levels of TA.
Introduction
Telomerase is a ribonucleoprotein complex that consists of a protein catalytic component and an RNA component and contains a complementary repeat sequence, which can add hexameric (TTAGGG), telomeric DNA repeat sequences to the 3'ends of eukaryotic chromosomes [1] [2] [3] [4] . Most somatic cells do not contain detectable levels of TA; therefore, their telomeres become shorter after each cell division. Once the telomeric DNA reaches a critically short length [5] , the cell stops dividing and, eventually, undergoes apoptosis and/or chromosomal fusions [5, 6] . However, TA is observed in cells of highly proliferative and periodically or continuously renewing tissues, such as cells of the haematopoietic system [7] , epidermis [8] and tumours [9, 10] , and it enables these cells to escape senescence and to proliferate at a high rate. Published reports concerning the expression and role of telomerase in ovarian follicles, and especially in human ovarian GCs, are limited. Kim et al. [11] first reported that TA can be detected in normal ovarian and testicular tissues.
Further research [12] indicated that the detectable activity of telomerase in the ovary originates from GCs, which arise from a population of stem cells, rather than from the eggs themselves.
GCs are one of the major somatic cell components of the ovarian follicle [13] . They undergo profound morphological and physiological changes during the processes of follicular proliferation, differentiation, ovulation, luteinisation and atresia [14] . More than any other cell type, GCs determine the final size of the preovulatory follicle. Russo et al. [15] found that the reverse transcriptase subunit (TERT), which is responsible for the enzymatic activity of telomerase, was found in the GCs in all of the developmental stages of pig ovarian follicles, from primordial to antral follicles. Accordingly, experiments have demonstrated that oocyte development is related to the TA of GCs, which reside in the periphery of oocytes. Yoshiaki et al. [16] determined that the TA of GCs in follicles with atretic changes was significantly lower than that of normally developed follicles and small follicles. These findings suggested that the telomerase in GCs may play an important role in the life of a healthy follicle and that the loss of its activity may be associated with follicular atresia, although all of the above studies analysed TA in animal GCs, instead of in human ovarian GCs. Only one study reported detectable levels of TA in human luteinised GCs and that TA decreased as age and basal FSH levels increased [17] . This study was limited to an initial exploration of the correlations between the TA of luteinised GCs and ovarian function. They did not further explore the association between TA and IVF-ET.
Therefore, the aim of this study was to confirm whether ovarian GCs possess TA, to examine TA levels in infertile women who underwent in vitro fertilisation (IVF) treatment and to investigate whether altered levels of TA correlated with different IVF outcomes.
Methods

Patients
A total of 56 women, aged 23 to 39 years, who underwent in vitro fertilisation (IVF) or intracytoplasmic sperm injection (ICSI) treatment at the Reproductive Medicine Centre of Sun Yat-sen Memorial Hospital between September 10, 2009 and December 8, 2009 were prospectively enrolled in this study and gave their informed consent for these researchers to use their follicular fluid.
Patients reported the characteristics of their menstrual cycles on a self-administered questionnaire, and all of the following criteria were met: (1) normal ovulatory function, according to mid-luteal serum P concentration and regular menses (every 24 to 33 days); (2) a normal serum level of basal follicle-stimulating hormone (FSH) of ≤8.78 IU/L during the early follicular phase; (3) undergoing conventional IVF or ICSI treatment using the GnRH agonist long protocol; (4) no history of ovarian surgery in the three months before the treatment to ensure unimpacted ovarian function; and (5) no family history or personal history of chromosomal diseases. The infertility factors for these patients included male factor (n=12), tubal or pelvic factor (n=11) and a combination of male and female factors (n=33). Patients with a diagnosis of polycystic ovary syndrome (PCOS) or a self-reported history of irregular menstrual cycles and a primary diagnosis of ovulatory infertility, hyperprolactinemia, endometriosis cysts, any kind of functional or organic ovarian cysts or uterine myoma were excluded from this study. Patients were classified and divided into four groups as follows: negative telomerase activity (group A), a low level of telomerase activity (group B (between 0.1 and 0.65 OD × mm)), a moderate level of telomerase activity (group C (between 0.66 and 1.00 OD × mm)) and a high level of telomerase activity (group D (more than 1.00 OD × mm)).
Ovarian stimulation protocol
The IVF or ICSI treatment regimen using a GnRH agonist long protocol cycle was as follows: pituitary downregulation, accomplished by an intramuscular injection of 0.75 to 1.25 mg of triptorelin acetate (Diphereline; Ipsen Pharma Biotech, France), was commenced in the midluteal phase of the menstrual cycle prior to IVF or ICSI treatment. Downregulation was then confirmed by ultrasonography and endocrinology (hormone levels): if the ovaries were inactive, the basal serum FSH would be <5 IU/L, luteinising hormone (LH) would be <5 IU/L and E2 levels would be <50 ng/L. Once this result was confirmed, controlled ovarian hyperstimulation (COH) was initiated using recombinant follicle-stimulating hormone (FSH; Gonal-F; Merck Serono, Geneva, Switzerland or Puregon, Organon, Barcelona, Spain), and/or highly purified human menopausal gonadotropin (hMG; Livzon, Zhuhai, China) and/or highly purified luteinising hormone (LH; Luveris, Merck Serono, Geneva, Switzerland) in doses that varied from 75 to 300 IU/day from cycle days 2 to 13. Depending on age, menstrual cycles, basal hormones, antral follicle count, follicular growth pattern, BMI and response to any previous COHs, the number of injections was determined. Gonadotropin dose was adjusted according to ovarian response monitored by transvaginal ultrasound assessments performed on a ultrasound machine (ALOKA 3500, Japan) and by measuring serum estradiol (E2) levels from the fifth day of stimulation. Human chorionic gonadotropin (HCG, Livzon, Zhuhai, China or Ovidrel, Serono) was used in doses of 4,000 to 10,000 IU to induce oocyte maturation; the dose depended on the mean diameter and the number of leading follicles, together with the serum E2 level, and the administration of gonadotropins was discontinued on that day. After 36 h, aspiration of the oocytes was performed transvaginally under ultrasound guidance with a singlechannel needle.
Embryo culture and transfer
Fertilisation and survival were assessed 16 to 18 h after IVF or ICSI, and embryo cleavage was determined 24 h thereafter. Good-quality embryos were 1) grade 1 embryos, with two to four blastomeres of equal sizes and less than 20% fragmentation [18] on day 2; 2) grade 1 embryos with more than six blastomeres of equal sizes and less than 20% fragmentation on day 3; 3) compact/morula embryos or early blastocysts on day 4. Embryo transfer was performed 2, 3 or 5 days after oocyte retrieval, with a maximum of three embryos for patients above the age of 35 or undergoing repeated cycles and two embryos for patients under the age of 35 undergoing their first treatment cycle. A pregnancy test was performed 14 days after embryo transfer with a quantitative serum value for β-hCG of >5 IU/L considered positive, and a primary transvaginal ultrasound examination was performed 3 weeks later to check for the number of embryonic sacs.
According to the age and BMI of the patient, luteal phase support was provided by an intramuscular injection of either progesterone (40 mg/day) (Progesterone Injection, Xian Ju Pharmaceutical Co., Zhejiang, China) or HCG (2,000 IU every 3 days) (Livzon, Zhuhai, China) for a total of four times from the day of ovum retrieval and continuing at least until the result of the transvaginal ultrasound examination was determined.
Collection of GCs
A pooled collection of follicular fluid (FF) from each patient was collected into a 50-ml centrifuge tube (Corning Costar, New York, USA) from the operating room and transported to the laboratory in a thermal container filled with water at a constant temperature of 37°C immediately after finishing the ovum retrieval and isolation of the cumulus-oocyte complexes. GCs were harvested from the pooled FF by 50% density gradient centrifugation with Ficoll solution (Lymphoprep™, Axis-Shield, Oslo, Norway) at 2,000 rpm for 15 min at room temperature (RT). The interphase layer of cells was extracted and diluted 1:1 with phosphate-buffered saline solution (PBS; SAGE, USA) and then centrifuged (at 1,000 rpm for 10 min at RT). After finishing this step, the supernatant was discarded, and the pellet of cells was suspended in 1 to 3 ml of red blood cell lysis buffer (Beyotime, Haimen, China) according to the pellet's volume. It was gently retropipetted two to three times to obtain a homogeneous mixture and incubated at RT for one to two min, then centrifuged at 500 g for 5 min at 4°C. If the red blood cells were not lysed satisfactorily, the previous steps were selectively repeated. This purified, luteinised preparation of GCs was then washed and suspended in an appropriate volume of PBS and counted in a haemocytometer. The viability of the GCs in all cases was approximately 75%, as assessed by trypan blue staining (Sigma, Saint Louis, USA), and computed as 2 × 10 5 cells per patient. Each sample was centrifuged at 3,000 g for 10 min at 4°C in a refrigerated centrifuge (Eppendorf 5415R, Hamburg, Germany). Next, the supernatant was carefully removed, the pellet of cells from each patient was suspended in PBS and centrifugation was repeated as described above. Finally, the samples were collected and stored at −80°C until needed for TRAP analysis.
Hormone testing A blood sample was obtained from each patient prior to initiating an IVF cycle, which was, ideally, between cycle days one and five. The levels of serum sex hormones (including prolactin, luteinising hormone, folliclestimulating hormone, estradiol and total testosterone) were measured automatically by chemiluminescence using the Beckman Coulter UniCel DxI 800 (Beckman Coulter, Los Angeles, USA),. Serum specimens were stored at −80°C if they were not assayed immediately.
Telomerase activity assay A modified protocol based on a commercial kit (the TRAPeze Telomerase Detection Kit, Roche Applied Science, Germany) was applied to evaluate telomerase activity by utilising the telomeric repeat amplification protocol (TRAP), based on a non-isotopic method described by Wen JM et al. [53] . A six-nucleotide, repeat sequence TTAGGG was added to the template by telomerase, which resulted in the formation of an electrophoretic ladder.
Preparation of extracts from GCs
Each cryopreserved GC sample was first thawed on ice, resuspended in 200 μl pre-cooled lysis reagent supplied with the kit and lysed after a 30-min incubation on ice. Next, the lysate was centrifuged at 16,000 g for 20 min at 4°C in a refrigerated centrifuge (Eppendorf 5415R). The supernatant (175 μl) was collected to ensure that no cellular debris from the pelleted cells was transferred, and protein concentration was measured using the BCA kit (Shenergy Biocolor Bioscience & Technology Company, Shanghai, China). Finally, aliquots of the cell extract were shockfrozen in liquid nitrogen and stored at −80°C until the TRAP reaction was performed, as described below.
Telomeric repeat amplification protocol (TRAP reaction)
Heat treatment of a cellular extract for 10 min at 85°C prior to the TRAP reaction was used to inactivate the telomerase protein to prevent the production of a negative control, and an extract of the human telomerase-positive embryonic kidney cell line 293 provided in the kit was used as a positive control for telomerase activity. For each sample and the controls, 14.63 μg total protein was transferred into a 25-μl reaction mixture (which included Tris buffer, telomerase substrate, primers, nucleotides, Taq polymerase, one-step telomerase-mediated primer elongation, biotinlabelled P1-TS primer and P2 primer provided by the kit), as well as DNA/RNA-free sterile water (Promega, Madison, Wisconsin, USA), which was added to a final volume of 50 μl per assay for PCR amplification (all the above pipetting steps were performed on ice). Each TRAP reaction mixture was then incubated in a Biometra Tgradient PCR thermocycler (Biometra, Germany) at 37°C for 30 min to elongate the primer and 94°C for 5 min to inactivate the telomerase, followed by 33 cycles of 94°C for 30 s, 50°C for 30 s and 72°C for 90 s; followed by one cycle of 72°C for 10 min. The TRAP products were stored at −20°C.
Non-denaturing rolyacrylamide gel electrophoresis (native PAGE)
To visualise and analyse the products obtained by the TRAP reaction, 10 μl of each DNA sample was completely mixed with 2 μl of 6×DNA loading buffer (Takara, Kyoto, Japan) and separated by electrophoresis with a constant electric power of 30 w at 4°C for three and a half hours after pre-electrophoresis under the same conditions for 1 h on a 15% polyacrylamide gel (PAG) using an SSCP gel apparatus (model JY-CX2B, JunYi., Inc., Beijing, China; gel size: 35×45 cm; 60 lanes). At the end of the electrophoretic migration, silver staining was performed on the PAG to identify TA. Briefly, the PAG was first fixed with 0.5% glacial acetic acid and 10% alcohol for 10 min and then incubated in 0.2% silver nitrate for 25 min. After several changes of double-distilled H 2 O, the PAG was developed using 0.75% sodium hydroxide with 0.165% formaldehyde; development was terminated with acetic acid until the bands could be visualised. TA was considered positive if some DNA ladders that had intervals of 6 bp appeared on the PAG; otherwise, TA was considered negative. Quantity One 4.6.2 software (Bio-Rad, California, USA) was used for the semi-quantitative analysis of bands. TAwas defined as weakly positive (+) when the mean optical density of the area under the curve was ≤0.65 OD × mm, while moderately positive (++) TA was defined as 0.65 to 1.00 OD × mm, and highly positive (+++) TA was defined as >1.00 OD × mm.
Statistical analysis
All data were statistically analysed using SPSS software (Statistical Product and Service Solutions, Chicago, USA) and are presented as means ± SEM if they demonstrated a normal distribution or presented as medians (ranges) for non-normal distribution. Statistical comparisons were performed by one-way ANOVA and Kruskal-Wallis tests, where appropriate. The chi-squared test was used to compare implantation rates among four groups. Blastocyst transfer, clinical pregnancy and early pregnancy loss rates were compared by the Fisher's exact test. Binary logistic regression was performed to quantify the effect of TA on pregnancy between groups. The significance of the model was calculated by the likelihood ratio, and the uncertainty was evaluated and explained by Nagelkerke R2. The effect of TA on pregnancy outcome was expressed through an adjusted odds ratio and a 95% confidence interval (CI). In the regression analysis, the following possible confounding factors were considered: female age, basal serum FSH and LH, total dose of Gn, peak estradiol level and number of oocytes collected, all of which were introduced into the regression equation by the Enter method. Differences with a P value (two-tailed) of <0.05 were considered significant.
Results
A total of 56 infertile women received GnRH agonist and rFSH/HMG or rFSH/LH stimulation for IVF or ICSI. Thirty-nine (69.64%) women exhibited detectable levels of telomerase activity. There were 17 cases in group A, 16 cases in group B (two cases experienced a cancelled embryo transfer), 14 cases in group C and 9 cases in group D (Fig. 1 depicts the expression of TA in GCs). Overall, the PR was 44.64%, the overall implantation rate was 32.76% and the overall early pregnancy loss rate was 16.70%. As Table 1 indicates, there were no differences among the four groups in any of the following parameters: age, BMI, antral follicle count and basal serum FSH, LH, FSH/LH and E2. These data demonstrated that all the patients who participated in our study had similar baseline characteristics. The serum testosterone (T) level was significantly higher for patients in group C and group D than in group A (1.43± 0.10 vs. 1.08±0.11 nmol/L, P<0.030 and 1.56±0.08 vs. (Figure 2 depicts the trend toward higher pregnancy and implantation rates as TA increased.) In addition, PR was negatively correlated with basal FSH (OR: 0.481, 95% CI: 0.279-0.828, P<0.008) in the adjusted model.
Discussion
Fifty-six patients agreed to participate in this study during the process of sample collection. A non-isotopic telomeric repeat amplification protocol (TRAP) sliver staining for the detection of telomerase activity described previously [19] was used. Electrophoresis images were analysed by using Quantity One 4.6.2 software with the relative quantitative method of volume contour, and the optical density of the area under the curve was automatically calculated. 
Levels of TA in Luteinised GCs
The ends of linear chromosomes are capped by specialised nucleoprotein structures known as telomeres, and this telomeric lengthening can be achieved through de novo synthesis catalyzed by telomerase [20] , an enzyme with reverse-transcriptase activity, which is detectable and reactive in most tumours [10, 11] , stem cells [21] , germ cells [22] and a variety of normal tissues, such as the germinal layer of skin cells, intestinal mucosal cells, medullary hematopoietic stem cells, endometrial cells and liver cells. Ovary GCs arise from a population of stem cells [23] [24] [25] [26] . Some researchers have found that a small proportion of ovarian GCs that are isolated from antral follicles can divide and form colonies, which demonstrates that some GCs exhibit the growth characteristics of stem cells [23] [24] [25] [26] [27] . Furthermore, prior studies have indicated that the success rate of cloning by nuclear transfer from GCs was 2.8% [28] , compared with overall success rates of less than 0.4% from mammary epithelial cell lines [29] and 0.9% from cumulus cells [30] , respectively. Do GCs possess TA because they originate from stem cells, and what is the level of TA exhibited in GCs during various stages of follicular development? Lavranos et al. [12] discovered that TA was highest in the smallest follicles examined (diameters of 60 to 100 μm), whereas TA decreased significantly as the follicles enlarged. The telomerase RNA component has been found to localise to the GCs of growing follicles but has not been detected in primordial follicles and was found to be expressed either in Table 2 In vitro fertilisation laboratory parameters and pregnancy outcomes of the study groups (N=56). The fertilisation rate was calculated by (number of one-pronucleus + number of two-pronuclei + number of multi-pronuclei + number of late cleavage)/number of oocytes retrieved when IVF cycles were performed or (number of one-pronucleus + number of two-pronuclei + number of multi-pronuclei)/number of metaphase II oocytes when ICSI cycles were performed. The utilisation rate of embryos was calculated as (number of cryopreserved embryos + number of embryos transferred)/number of oosperm. The rate of blastocyst transfer was decided by the ratio of blastocysts transferred to the total number of embryos transferred. The clinical pregnancy rate (PR) per embryo transfer was determined by the number of patients who had a gestational sac in the uterus 5 weeks after embryo transfer. The implantation rate (IR) was defined as the number of gestational sacs per number of embryos transferred. Early pregnancy loss was defined as a pregnancy failing to reach the 12th week after the detection of the gestational sac(s) by ultrasound examination. The data were examined by the Spearman correlation.
the middle and antral layers or in the middle and basal layers of antral follicles [12] . R.J. Rodgers et al. interpreted these various telomerase RNA staining patterns as predicting that the younger GCs would migrate in a basal direction if the follicles undergoing rapid antrum expansion or located toward the antrum did not expand or expanded slowly [31] . In the present study, GCs were collected from a pool of FF from each patient; thus, the purified GCs may have been derived from the basal, middle or antral layers of GCs. The detection of TA in freshly isolated, luteinised GCs in this study indicated that TA was present in most patients (approximately 69.64%), which is in line with the results of Liu et al. [17] . This result indicates that luteinised GCs may have a certain potential for replication and that their telomere length can be maintained by TA, thereby protecting their luteal function after ovulation. Interestingly and unexpectedly, this study found that the TA of luteinised GCs was positively correlated with total testosterone (T) during the menstrual phase (r=0.291, P<0.011) There is evidence that androgen level is related to TA [32] [33] [34] . Androgens have been shown to exert a negative regulation of TA in the normal prostate [35] . Removal of testosterone by castration results in increased TA in the normal prostate of rat [36] and monkey [35] androgen-sensitive LNCaP cells leads to a decrease in TA, and the subsequent addition of 5α-dihydrotestosterone (DHT) restores TA [34] . However, why is the normal level of T during the menstrual period (early follicular phase) positively correlated with TA in luteinised GCs? This finding may be related to the proliferation and development of GCs through the enhanced functions of FSH [37] , GDF-9 [38] , IGF-1 [39, 40] and their receptors after stimulation by T during the early stage of follicular development. It has been widely reported that, at the early stages of follicular development, androgens produced by thecal cells under LH stimulation act as an enhancer of FSH-stimulated follicular differentiation. Androgens not only synergistically enhance the expression of a wide range of FSH-responsive genes but also modulate follicular differentiation by interacting with several protein kinases to promote follicular maturation [41] . FSH-stimulated steroidogenesis, produced by increasing cAMP levels through increasing cAMP production and/or decreasing cAMP catabolism, has been shown to be enhanced by androgens in mammals [42] . Furthermore, androgens synergistically enhance the expression and activity of the tissue-type plasminogen activator in cultured rat GCs, which is stimulated by gonadotropin-releasing hormone (GnRH, an activator of protein kinase C) and epidermal growth factor [43] (EGF, an activator of tyrosine kinase). In vitro studies have suggested that androgens promote the proliferation of ovarian GCs by activating the growth function of GDF-9 and accelerate the development of preantral follicles and early antral follicles [44] [45] [46] . Thus, we speculated that increased serum T levels within the normal range during the menstrual period lead to improved development of the follicles and increased GC proliferation during follicular development and, therefore, increased TA in luteinised GCs. However, this study only found a surface phenomenon, and the concrete regulatory mechanism of telomerase is not clear, as it is a special reverse transcriptase. Further study will be needed to elucidate the regulatory mechanism of telomerase.
TA and oocyte/embryo quality
The processes of normal follicular differentiation and oocyte development are dependent on gap junctional intercellular communication between the germinal and somatic compartments. GCs, by means of gap junctions, provide the biosynthetic substrates for approximately 85% of the oocyte's metabolic needs [47] as it hypertrophies and completes its growth in the preantral follicle. It has generally been recognised that successful maturation, fertilisation and preimplantation embryonic development depends on a regulated programme of oocyte growth and differentiation coordinated with the development and differentiation of the surrounding GCs [48] . Contact communication between GCs and oocytes is essential for oocyte development, and GCs are crucial in regulating the ability of the oocyte to mature through the meiotic process and acquire its full developmental potential. Previous studies have shown that co-culture with GCs could strongly induce the cytoplasmic maturation of oocytes. Jane E [49] found that germinal vesicle (GV)-stage oocytes cultured with autologous cumulus cells matured at a significantly higher rate than did GV oocytes cultured without cumulus cells. In addition, Boon Chin Heng et al. [50] found that co-cultured porcine GCs exhibited a beneficial effect on the meiotic maturation of oocytes. These results demonstrated that GCs play an important role in the maturation of oocytes and that they are closely correlated with the quality of oocytes. This study found that TA was detectable in luteinised GCs obtained from IVF/ICSI cycles, which suggested that telomerase may participate in the regulation of luteinised GCs, thereby indirectly influencing the activation of oocytes. Our results show that the rates of oocyte maturation and good-quality embryos increased as TA levels increased but that these differences were not statistically significant (as presented in Table 3 ), and no apparent correlation between TA and rates of oocyte maturation and good-quality embryos were observed by Spearman analysis. One possible cause of this phenomenon could be a limited sample size, which may have obscured notable differences in the quality of oocytes and embryos among the four groups.
TA and IVF/ICSI outcome
This study found that women in Group D had a greater likelihood of becoming pregnant than those in Groups A and B after adjusting possible confounding factors, such as age, basal serum FSH and LH, total dose of Gn, peak estradiol level and number of oocytes collected, which may interfere with the relationship between TA and clinical pregnancy rate. In addition, the clinical pregnancy rate was negatively correlated with basal FSH. This result suggested that TA in luteinised GCs was positively correlated with clinical pregnancy rate, while basal FSH had an adverse effect. Possible explanations for these findings could be that the TA of luteinised GCs is related to luteal function and endometrial receptivity. A previous study [51] has reported that an E2/P ratio between 1.0 and 5.0 on the day of hCG administration was associated with an improved endometrial receptivity, especially ratios between 3.01 and 4.0. While other factors were not significantly different, women whose E2/P ratio was in the range of 3.01 to 4.0 exhibited significantly higher pregnancy rates and single-embryo implantation rates [51] . Thus, an E2/P ratio between 3.01 and 4.0 appears most beneficial for the improvement of endometrial receptivity and embryo implantation. In this study, the E2/P ratio on hCG day gradually increased as the TA of luteinised GCs increased, and Group D, with a ratio that fit exactly into the above range of 3.01 to 4.0, was the highest (at 3.04±0.60). As expected, patients in Group D also exhibited significantly higher implantation rates (58.33%) and clinical pregnancy rates (77.78%), which were consistent with the above study. This result indicated that the higher the TA of luteinised GCs, the better the luteal function after ovulation; thus, the better the endometrial receptivity and the more conducive to embryo implantation. However, the exact mechanisms remain to be explored. The TA of luteinised GCs may be related to the potentiality of embryonic development. As shown above, patients in group D, whose mean number of good-quality embryos transferred was minimal, had a slightly higher rate of blastocysts transferred than those in the other groups when the all patients' characteristics were comparable. We demonstrated that patients with a higher TA of luteinised GCs might have a greater potential for embryonic development. Therefore, the levels of TA in luteinised GCs may indirectly reflect the quality and developmental potential of the patient's embryos and may benefit the existing system of embryo quality evaluation.
To our knowledge, embryos can successfully implant into the endometrium and, ultimately, pregnancy may ensue due to the efforts of various factors, but not a simple agent. However, the quality and developmental potential of embryos and endometrial receptivity were the main factors that determined the success of IVF/ICSI treatment. The importance of knowing the concealed correlations between the TA of luteinised GCs and the two crucial factors mentioned above is compelling, and further investigation is needed to clarify what mechanisms are involved.
This research was focused on pooled granulosa cell samples, rather than granulosa cell samples from certain specified follicles; therefore, it may not reflect what happens in specified individual follicles. The sample size was small, which make significant differences difficult to assess. Therefore, the outcomes of this paper were the preliminary findings, and sample size will be calculated in further study, and we plan to distinguish follicles as diameter ≥16 mm and <16 mm before oocytes retrieval procedure, and then puncture them respectively according to above assort. In order that GCs from different sorts of follicles are classified. In addition, utilization of a quantitative assay (TRAP-ELISA) on classified follicles in a larger study population would be ideal to confirm the findings. Predicting the outcome of treatment is useful if it can be done in advance of the treatment itself and this problem may be solved by a blinded study research.
Conclusion
Based on the results of this trial, we found that the majority of patients who underwent controlled ovarian hyperstimulation had the detectable TA in their luteinised GCs, which suggested that GCs had a certain potential for proliferation and TA may participate in the regulation of the function of luteinised GCs, thereby TA may indirectly influence the activation of oocytes.
We found that women with high level of TA had a greater likelihood of becoming pregnant than those with nondetectable TA or low levels of TA, while basal FSH was negatively correlated with the clinical pregnancy rate. This mean TA of luteinised GCs was positively correlated with clinical pregnancy rate, while basal FSH had an adverse effect. It indicated that TA of ovarian luteinised GCs could help us predict the clinical outcomes of IVF treatment.
In this study, we also found that the TA of luteinised GCs was positively correlated with total T during the menstrual phase. It suggested that there would be some regulatory mechanisms between TA and T, and further study should be needed to elucidate this problem.
